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B flaHHOH CTaTte BbiHBjieH roMeoMop4)H3M MejK^y onpejj,ejieHHbiMii napaMH 6a- 
HaxoBbix npocTpaHCTB npn HccjieflOBamiH HeTbipexMepHoii saflanii Typca pjw or- 
Horo ^(pcpepeHHiiajibHoro ypaBHeHHH co CTapiueft nacTHofi npoH3BO,a,Holt inecToro 

nopHflKa DiD 2 D^D\u{x) C pa3pbIBHbIMH K03(p(pHU,HeHTaMH (Lp— KOBCpCpHLpieHTaMIl) 

Ha ocHOBe CBe^eHHH SToit 3a,a;aHH k SKBHBaneHTHOMy HHTerpajibHOMy ypaBHeHHio. 
Bh6ji. 24. 

S3 ■ 

KjironeBbie cjiOBa: rHnep6ojniHecKoe ypaBHeHHe, HeTbipexMepHaa 3a,a,aHa Typ- 
ca, ypaBHeHHH c pa3pbiBHbiMH KcracpcpimiieHTaMH. 
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K HacroHmeMy BpeMemi ycnjiHHMH MHornx MaTeivraTHKOB pa3Hoo6pa3HL.ie Kjiaccbi Tpex- 



> 

cr> ■ MepHtix, neTL.ipexMepHL.ix, a TaK>Ke MHoroMepHbix jioKajiL.HL.rx h HejioKajiL.HL.rx HanajibHo- 
KpaeBbix 3a,n;aH fljia ypaBHeHHfi co cTapniefi HacTHofi npoH3Bo^HOH pa3BHBajiHCb b paGoTax 
[l]-[9]. 3to cBH3aHo c hx noHBjieHHeM b pa3jiHHHL.ix 3a;o;aHax npHKjia/XHoro xapaicrepa [10]. 



m 
o 

^2 : 1. nOCTAHOBKA SA^AHH 

B pa6oTe o6ocHOBL>maeTCH neTbipexMepHaa 3ajj;aHa Typca c HeKjiaccHHecKHMH ycjioBH- 
hmh fljis o,ziHoro rHnep6ojiHHecKoro ypaBHeHHH. 
PaccMOTpHM ypaBHeHHe: 



(K, 1,2,2") (a:) = D x D 2 DlD\u{x) + a w ,2( x ) D i D t D l u ( x ) + a 0jl , 2 ,2( x ) D 2 D 3 D l u ( x )+ 
+a 1>l! i !2 (x)D 1 D 2 D 3 Dlu(x) + a 1:h2)1 (x)D 1 D 2 DlD 4 u(x) + 

+ a il,i2,hM( X ) D l D 2 D 3 D 4 U ( X ) = V1,1,2, 2 (X) G L p (G), (1) 

h + k + 'k + U < 5 
i v = 0, 2, 77 = 3, 4 

3Jj,ecL. = m (xi, x 2 , X3, X4) HCKOMaa (pymoTHH, onpe^ejieHHaa Ha G; ai 1 ,i 2 ,i 3 ,i4 = 

= a u i 2 «3 u( x ) sa^aHHbie H3MepHML.ie cpyHKHHH Ha G = G\xG 2 xG 3 x G4, rjj;e G^ = (0, /i^). 
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£ = 1, 4; ^1,1,2,2 (#) 3a^aHHaa H3MepHMaa cpyHKHHH Ha G; = — onepaTop o6o6in;eH- 

hoto jj;Hcp(pepeHH;HpoBaHHH b cMbicjie C.JI.Co6ojieBa. 
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YpaBHeHne (1) HBjineTCH rHnep6ojiHHecKHM ypaBHemieM, KOTopoe o6jia^;aeT hctbipbmh 
^eficTBHTejibHt.iMH xapaKTepncTHKaMH x\ = const, X2 = const, X3 = const, £4 = const, 
nepBaa h BTopan, H3 kotopbix npocTaa, a TpeTan h HeTBepTaH-,HByxKpaTHaH. IIosTOMy 
ypaBHeHne (1) b HeKOTopoM cMBicjie mojkho paccMaTpuBaTB Taioice k&k nceB,nonapa6ojiH- 
necKoe ypaBHeHne [11]-[12]. YpaBHeHHH no,no6Horo BH,n;a B03HHKaK>T npn omicaHHH MHornx 
peajiBHBix npoueccoB, npoHcxcflHuiHX b npnpo^e h TexHHKe. IIo^;o6HBie CHTyaiTHH HMeiOT 
MecTo npn H3yneHHH npoijeccoB pacnpocTpaHemis Tenjia [13], BjiaronepeHoca b noHBo- 
rpyHTax [14], cpHjiBTpairHH jkh^kocth b nopncTbix cpe,n;ax [15], b 3a,n;aHax MaTeMaTHHecKoft 
6nojiorHH [16], a Taioice b Teopiin onTHMajiBHBix npoijeccoB [17]. 

B stoh paGoTe ypaBHeHne (1) Hccjie^oBaHo b o6m;eM cjiynae, xor^a KoscpcpHuneHTBi 

a h, 12, 13, u( X ) HBJIHIOTCa Herjia^KHMH (pyHKHHHMH , yflOBJieTBOpHIOmHMH jihhib cjieflyionpiM 
yCJIOBHHM: 



<Mi,o,i 3 ,u( x ) e L P (G), 01,0,13,14(2;) G L^p^' X4 (G),a 0tlt i 3ti4 (x) G Lp^ 2 ^ p 3,X4 (G), 

fl o,o,2,i 4 W e L^ p ^ p 3 ' X4 (G), a , 0,13,2(2;) g L p ] P *pl^ ,XA {G)-, 01,1,13,14(2;) g £S,'<^p v^O, 

01.0. 2,j 4 (a;) G ^,'p, 2 oo^p 1:4 (G) , 01,0,13,2(2;) G L^'p^'^GXao,!^,^^) e ^p^^p X4 (G), 

oo, M 3,2(2;) g l*^2^(go, 00,0,2,2(2;) g /.;;:;^v^- n (G). « U2 , i4 (x) g l^^cg), 

01.1, ^3,2(2;) g L££;***«(G), a 0il , 2 , 2 (x) g L^^{G), a WA {x) g L£~* 4 (G), 



r^e i 3 = 0, 1, i 4 = 0, I. 

IlpH 3TOM BaJKHBIM npHHHHnHajIBHBIM MOMeHTOM HBJIHeTCH TO, HTO paCCMaTpHBaeMOe 

ypaBHeHne oGjia^aeT, pa3pBiBHBiMH KoscpcpHuneHTaMH KOTopBie ynoBjieTBopnioT TOJibKo 

HeKOTOpBIM yCJIOBHHM THna p-HHTerpHpyeMOCTH H OrpaHHHeHHOCTH T.e. paCCMOTpeHHBIH 

nceB^;onapa6ojiHHecKHH ^H<p<pepeHHHajiBHBiH onepaTop He HMeeT TpaflimHOHHoro conpa- 
jKeHHoro onepaTopa. PlHane roBopn, cpyHKUHH PnMaHa ,zyiH Taxoro ypaBHeHHH He MoaceT 
6bitb Hccjie^oBaHa KjiaccHnecKHM mcto^om xapaKTepncTHK. 

Ilpn 9thx ycjioBHax penieHHe u{x) ypaBHemiH (1) 6yneM ncxaTB b npocTpaHCTBe 
C.Jl.Co6ojieBa 



W^ 2 ' 2 \G) = {u(x) : D?D?D«D«u(x) G L P (G), i € = 0, 1,£ = l,2;i„ = 0, 2, n = 3, 4} , 



r^e 1 < p < 00. HopMy b aHH30TponHOM npocTpaHCTBe W p ' ' ' (G) 6yn;eM onpe^ejiaTb 

paBeHCTBOM 



1 



2 



W(2;) || (1,1,2,2) 



E 



Y, \\D«D'>D»Di'u(x 



Oil 



L P (G) ■ 



% = 



In — 



e = i,2 



7? = 3, 4 
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^Jifl ypaBHeHHH (1) ycjioBHH Typca KjiaccHnecKoro BH^a mojkho 3a^aTB b BH^e 

u {x u x 2 , x 3 , x 4 )\ xi=0 = F (x 2 , x 3 , x 4 ) ; 
< u (xi, x 2 , x 3 , x 4 )\ X3=0 = if) (xi, x 2 , x 4 ) ; 

u (m, x 2 , x 3 , x 4 )| X4=0 = T(xi, x 2 , x 3 ) ; 

r^e F (x 2 ,x 3 , x 4 ) , g (xi,x 3 ,x 4 ) , tp (xi, x 2 ,x 4 ) , $ (x±,x 2 , x 4 ) : T(x 1 ,x 2 , x 3 ) , S (xi,x 2 , x 3 ), 3a- 
^aHHBie H3Me-pHMBie cpyHKHHH Ha G. OneBH^HO, hto b cnynae ycjioBHii (2) cpyHKHHH 
F, g, if;, <£>, T, S KpoMe ycjiOBHft 

F (x 2 , x 3 , x 4 ) G (G 2 xG 3 xG 4 ),g (x 1? x 3 , x 4 ) G W^ 1 ' 2 ' 2 ) (d x G 3 x d) , 

ip(x u x 2 , x 4 ) e W^' 2) (d x G 2 x d) (xi, x 2 , x 4 ) G Wj 1 ' 1 ' 2 ) (d x G 2 x d) , 
T(x 1; x 2 , x 3 ) G % (M ' 2) (d x G 2 x G 3 ),S( Xl , x 2 ,x 3 ) G % (lll ' 2) (d x G 2 x d) , 

^OJIJKHbl y^OBJieTBOpHTB TaKJKe CJie^yiOIHHM yCJIOBHHM: 

F (0, x 3 , x 4 ) =5 (0, x 3 , x 4 ) ; F (x 2 , 0, x 4 ) —ip (0, x 2 , x 4 ) ; g X4 (xi,x 3 , 0) — S (xi,0,x 3 ) ; 
F (x 2 ,x 3 ,0) = T (0,x 2 ,x 3 );F X3 (x 2 , 0, x 4 ) = $ (0, x 2 , x 4 );F X4 (x 2 , x 3 , 0) = S (0, x 2 , x 3 ) ; . . 
g (xi,x 3 ,0)=T(xi,0,x 3 ) ;#(xi,0,x 4 )=V> (x i; 0, x 4 ) ; ^(xi, 0, x 4 ) = $ (x 1; 0, x 4 ) ; 
^(xi, x 2 , 0) =T (xi, x 2 , 0);^ 4 (xi, x 2 , 0) = S (x 1 ,x 2 , 0);® X4 (x u x 2 , 0) = 5a. s (xi, x 2 , 0) 

KOTOpbie HBJI5HOTCH yCJIOBHHMH corjiacoBaHHH. 

HajiHHHe ycjioBHii corjiacoBamra (3) b nocTaHOBKe 3a,naHH (1), (2) coHaHaeT, hto ycjio- 
bhhmh (2) 3a^aHa Taicsce HexoTopaa h3jihihhhh HHcpopMainifl o peinemiH stoh 3a,n;aHH. 
IIosTOMy B03HHKaeT Bonpoc o Haxo>K^;eHHH KpaeBBix ycjioBHii, KOTopBie He co^epacaT H3- 

JIHHIHeH HHCpOpMai^HH O peiHeHHH H He Tpe6yiOT BbinOJIHeHHH HeKOTOpBIX ^OnOJIHHTejIbHblX 

ycjioBHii THna corjiacoBamiH. B cbh3h c sthm paccMOTpHM cjieflyiomHe HeKjiaccHnecKHe 
HanajibHO-KpaeBbie ycnoBHH: 

V 0fi ,i 3 ,i 4 u = D^D^u (0, 0, 0, 0) = <po,o M ,u e R, iu = M, v = M; 
(Vi,o,i 3 , i4 u) (xi) = D^Dfu (xi, 0, 0, 0) = <pi,o li3M (x x ) G L p (d) , % v = M, i/ = 3~4; 
(^.Lis^u) (^2) = D 2 Di«D\ 4 u (0, x 2 , 0, 0) = ^.im* (^2) e i> P (G 2 ) , K = M, ^ = M; 
(K),o,2,i 4 w) (^3) = F>\D l lu (0, 0, x 3 , 0) = ^o,o,2,i 4 (^3) e ^ P (C 3 ) , U = 0, 1; 
(H,o,<s,2«) (^4) = DfDju (0, 0, 0, x 4 ) = <A),o,i 3 ,2 (^4) e ^ P (C 4 ) , is = 0, 1; 
(Vi,i,i 3 ,i 4 u) (xi, x 2 ) = DiD 2 Dl :) D l £u (xi, x 2 , 0, 0) = 
= Vi.Ms.m (^1^2) e ^p (d x d) , V = 0, 1, 1/ = 3, 4; 
(^i,o,2,i 4 M ) (^i) ^3) = D x D\D l lu (xi, 0, x 3 , 0) = ^1,0,2,14 ^ 3 ) G L p (d x d) ,4 = 0, 1; 
(^i,o,*3,2 M ) (^1,^4) = -Di-D 3 3 -D 2 m(xi,0,0,x 4 ) = ^i, ,i 3 ,2 (^1,^4) G L p (d x d) ,h = 0,1; 



it (xi, x 2 , x 3 , x 4 )| a , 2=0 = 5 (xi, x 3 , x 4 ) ; 

= $ (xi, x 2 , x 4 ) ; ro s 

= ^(xi, x 2 , x 3 ) . 



du(xi,X2,X3,X4 
dxz 



du(xi,x 2 ,X3, X4) 
8x4 
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(V ,i,2,i 4 u) (x 2 , x 3 ) = D 2 D\D % lu (0, x 2 , x 3 , 0) = <£>o,i,2,i 4 (x 2 , x 3 ) G L p (G 2 x G 3 ) , i 4 = 0, 1; 
(Vb,i,i 3 ,2w) (x 2 , x 4 ) = D 2 D^D\u (0, x 2 , 0, x 4 ) = <yfo,i,j 3 ,2 (x 2 , x 4 ) G L p (G 2 x G 4 ) , i 3 = 0, 1; 

(^0,0,2,2") (a?3, ^4) = ^3^4^ (0, 0, X 3 , X 4 ) = y? ,0,2,2 (^3, 2:4) G ^p (G 3 x G 4 ) ; 

(y 1AXh u) (x 1 ,x 2 ,x 3 ) = DiD 2 DlD % £u(xi,x 2 ,x 3 ,Q) = 
= <Pi,i&u (^1^2, ais) e ^ P (Ci x G 2 x G 3 ) ,U = 0, 1; 
(^1,1,13,2^) (xi,x 2 ,x 4 ) = D x D 2 D l £D\u (xi,x 2 ,0,x 4 ) = 
= ¥>i,i,i3,2 (zi, ^4) G ^p (Ci x G 2 x G 4 ) , i 3 = 07T; 
(K),i,2,2^) (a: 2 , x 3 , ^4) = B 2 D\D\u (0, x 2 , x 3 , x 4 ) = ^0,1,2,2 (^2, x 3 , x 4 ) G L p (G 2 x G 3 x G 4 ) ; 
(Vl,0,2,2w) (^1, ^3, ^4) = D x D\D\u (xi, 0, x 3 , x 4 ) = 

= ^1,0,2,2 (xi,x 3 , x 4 ) G L p (d x G 3 x G 4 ) ; (4) 

Cl 1 2 2) 

Ecjih cpyHKirira u G W p ' ' ' (G) HBjuieTCH peineHHeM neTBipexMepHoft 3a^aHH Typ- 
ca KjiaccHHecKoro BH^a (1), (2), to oHa HBjineTCH Taioice peineHHeM 3a^aHH (1), (4) pjix 
Vii,i 2 ,i 3 ,i4 onpe^ejiaeMBix cjie^yronriiMH paBeHCTBaMii 

^0,0,0,0 = ^ (0, 0, 0) = 5 (0, 0, 0) = i> (0, 0,0) — T (0, 0, 0) ; ^0,0,1,0 = 
= $(0,0,0) = <fc 3 (0,0,0) = F X3 (0,0,0); 
Vo.0,0,1 = 5 (0. 0. °) = (0, 0, 0) = Vx 4 (0, 0, 0) ; ^0,0,1,1 = S X3 (0, 0, 0) = $ X4 (0, 0, 0) ; 
^1,0,0,0 ( x i) = 9xi (xi, 0, 0) = tp xi (xi, 0, 0) = T X1 (xi, 0, 0) ; </?i, ,i,o (&i) = #xix 3 fai, 0> °) = 
= $ X1 (xi, 0, 0) = (xi, 0, 0) ; ^1,0,0,1 M = g xlX4 (xi, 0, 0) = ij) xlX4 (x : , 0, 0) = 
= 5a,! (xi, 0, 0) ; ^1,0,1,1 (xi) = g xlX3X4 (xi, 0, 0) = $ Xi:C4 (xi, 0, 0) ; ^0,1,0,0 (^2) = 
= F X2 (x 2 , 0, 0) = ip X2 (0, x 2 , 0) = T X2 (0, x 2 , 0) ; ^0,1,1,0 M = F XaX3 (x 2 , 0, 0) = 
= T X2X3 (0, x 2 , 0) = $ X2 (0, x 2 , 0) ; ^0,1,0,1 (^2) = F X2X4 (x 2 , 0, 0) = ip X2X4 (0, x 2 , 0) = 
= S X2 (0, x 2 , 0) ; <A),i,i,i (^2) = ^2x3x4 (x2, 0, 0) = 5 X2X3 (0, x 2 , 0) ; 
^0,0,2,0 (a*) = ^3x3 (0, x 3 , 0) = g X3X3 (0, x 3 , 0) = T X3X3 (0, 0, x 3 ) ; 
^0,0,2,1 (^3) F X3X3X4 (0,x 3 ,0) 

9x 3 X3X4 

(0,x 3 ,0) = S X3X3 (0,0, x 3 ) ; 
V?o,o,o,2 (x 4 ) = F X4X4 (0, 0, x 4 ) = g X4X4 (0, 0, x 4 ) = ip X4X4 (0, 0, x 4 ) ; 
<A),o,i,2 (^4) = ^3x4x4 (°> °) ^4) = 5'x 3 x4X4 (0, 0, x 4 ) = $ X4X4 (0, 0, x 4 ) ; 
^1,1,0,0 (xi,x 2 ) = ^ XlX2 (xi,x 2 ,0) = T XlX2 (xi,x 2 ,0) ; 
Vi,i,i,o (xi,x 2 ) = T XIX2X3 (xi, x 2 , 0) = $ X1X2 (xi, x 2 , 0) ; 
^1,1,0,1 (^1^2) = V> X1X2X4, 

(xi,x 2 ,0) = S XIX2 (xi,x 2 ,0) ; 
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</?l,l,l,l (xi,x 2 ) = $ X1X2X4 (xi,x 2 ,0) (x!,x 2 ,0) ; 

^1,0,2,0 (^1,^3) 5x1X3X3 
Vi,o,2,i (^1,2:3) 9x1x3x3x4 

(x±, x 3 , 0) — S , XlX3X3 (xi, 0, X3) ; 

^1,0,0,2 = 5xiX4X4 0) ^4) = ^XiZ4X4 (#1) 0, £4) ; 

Vl.0,1,2 (^1,^4) Qx\X%X4XA 

(xi, 0,2:4) = $ 

XIX4X4 

^0,1,2,0 (^2, ^3) — Fx 2 x 3 x s (x 2 , X3, 0) = Tj.22.32i3 (0, x 2 , x 3 ) ; 
^0,1,2,1 (^2,^3) (x 2 ,x 3 ,0) — 8x2X3X3 

(0,x 2 ,x 3 ) ; 

^0,1,0,2 (^2,^4) -^£2x4x4 (x 2 ,0,x 4 ) = ^ (0,x 2 ,x 4 ) ; 

^0,1,1,2 (^2,^4) T X2X3X 4 X 4 (x 2 , 0, x 4 ) = $ 

X2X4X4 

<£0,0,2,2 (X 3 ,X 4 ) 5x3X3X4X4 

(0, x 3 , x 4 ) ; y?i, 1,2,0 (zi, x 2 , x 3 ) = 
(xi,x 2 ,x 3 ) ; pi.1,2,1 (a;i,x 2 ,x 3 ) (a;i, ar 2 , x 3 ) ; yi.1,0,2 (aJi, x 2 , x A ) = 

= ^xix 2 x 4 x4 (zi, ^2, x 4 ) ; ^1,1,1,2 (zi, x 2 , x 4 ) = $ (x!,x 2 ,X4) ; 

<A),1,2,2 (^2,^3,^4) -^£2X3X3X4X4 

(x 2 , x 3 , x 4 ) ; ^1,0,2,2 (zi, ^3, ^4) 5x10:3x3x4x4 

Jlerxo ^oKa3aTb, hto BepHo 11 o6paTHoe. HHane roBopa, ecjin (pyHKirxisi u G Wp ' ' ' (G) 
sBjiseTcs peineHneM sa^a^n (1), (4), to OHa HBjuieTCH Taioice peinemieM 3a^aHH (1), (2), 
fljia cjie^yioiiriix (pymajnii F, g,tp,Q,T, S: 

11 1 1 X2 

F (x 2 , x 3 , x 4 ) = Yl x 3 x t¥o,o,i S M + Yl Yl x z x * / ^0,1,^4 (6) rf 6+ 

i 3 =0i 4 =0 i 3 =0i 4 =0 ^° 

1 />X3 1 />X4 

+ 5Z X 4 / (^3 - &) ^0,0,2,i 4 (&) + Y X 3 / (^4 ~ &) ¥>0,(tf3,2 (&) 
i 4 =0 J ° i 3 =0 J ° 

1 ^x 2 rX3 

+ ^ / / (^3 " <A),1,2,m (6, 6) ^2^3 + 

i 4 =0 J ° J ° 

PX% PX4 

/ (X 3 - f 3 ) (Z4 - &) <A),0,2,2 &) d^d^ 4 + 

lo Jo 

/"X 2 /-X4 

+ y2 x *i / (^4-^4)^0,1,^,2(6^4)^2^4+ 

(a?3 - 6) (»4 - 6) ^0,1,2,2 (£2, £4) d&d&d^] 

_ 1 1 />Xl 

5 (X1,X 3 , X 4 ) = V V X* 3 X 4 Vo,0,i 3 ,i4 + 5^ 4 3a: 4 4 / Vl,0,<3,<4 (6) ^1 + 
„ . „ . „ . „ ./n 



i3=0 J0 
r"X 2 rxz r-X4 




«3=0 14=0 13=0 14=0 



1 PX3 1 fX4 

+ ^2 X i / (^3 - 6) ^0,0,2,i 4 (6) ^3 + ^ 4 3 / (^4-C4)^0,0,i3,2(C4)^4+ 
i 4 =0 Jo i 3 =0 Jo 

1 />Xi pxz 

+ 4 4 / / (^3 - 6) v?i,o,2,m (6 , 6) ^1^3+ 



i 4 =o -° - 70 

rx 3 pX4 

(x 3 - £3) (»4 - £4) ^0,0,2,2 (£3, £4) d£ 3 d£ 4 + 

X\ />X4 

(x 4 - £ 4 ) 




(a* - 6) (a* - £4) ^1,0,2,2 (£1, 6, 6) d^dtsd^; 

'0 Jo Jo 

V> (xi,x 2 ,x 4 ) = M (xi,x 2 ,x 4 ) , $ (xi,x 2 ,x 4 ) = Mi (xi,x 2 ,x 4 ), r^e 

/•Xl PXl 

M k (x 1 ,x 2 ,x 4 ) = (p ,o,k,o + ^4<A),o,m + / Vi,o,fc,o ( r i) d n + x 4 / ^i,o,fe,i ( r i) rfr i+ 

Jo Jo 

/"X2 /"X2 /"X4 

+ / Vo,i,fc,o ( r 2) dr 2 + x 4 / yo.i.fc.i (^2) dr 2 + (x 4 - r 4 ) ^ ,o,fe,2 (r 4 ) dr 4 + 
Jo Jo Jo 

/•xi />X2 /-xi /-X2 

+ / / Vi,i,fc,o (ti, T2) rfri(ir 2 + x 4 / / <^i,i,fe,i (n, r 2 ) dndr 2 + 
Jo Jo Jo Jo 

nX4 /-xi />X4 

(x 4 -r 4 )v? 0ilifci2 (r 2 ,r 4 )rfr 2 rfr 4 + / / (ar 4 - r 4 ) p lfi ,k,2 (n, r 4 ) dndr 4 + 
Jo Jo 

/•xi /-X2 /"£4 

+ / / (x 4 - t 4 ) (fi,i,k,2 (ri, r 2 , r 4 ) dT 1 dr 2 dT 4 , k = 0, 1; 

Jo Jo Jo 

T(xi,x 2 ,x 3 ) = L (xi,x 2 ,x 3 ) , S(x 1 ,x 2 ,x 3 ) = L x (x 1 ,x 2 ,x 3 ), r^e 

L fe (xi, x 2 , x 3 ) = y? ,o,o,fc + x 3 (p ,o,i,k + / Vi,o,o,fc (*7i) + 

Jo 

/■XI /-X2 

+^3 / ^1,0,1,* (m) *7l + / Vo.l.O.fc (ffe) ^2 + 
Jo JO 

/•X2 /-X3 /"^l 

+x 3 / <A),i,i,fc (^2) dffc + / (a* - r] 3 ) ip ,o,2,k (773) drj 3 + / <pi,i, ,k (rji, J/2) dr]idr) 2 + 
Jo Jo Jo Jo 

+x 3 / / (pi,i,i,k(rji,V2)drj 1 dr] 2 + / (x 3 - 773) <p ,i,2,fc (7/2, drj 2 drj 3 + 



'0 Jo Jo Jo 

+ 




Jo Jo 



nX3 
(x 3 - T) 3 ) <pi fit 2,k (Vi, Vs) dmdr]^ 

(x 3 - i] 3 ) (pi,i >2 ,k (Vi,^, m) driidrfrdrto, k = 0,1. 
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HTax, HeTbipexMepHoft 3a,n;aHH Typca KjiaccHiecKoro BH,n;a (1), (2) h Bii^a (1), (4) b 06- 
meM cjiynae SKBHBajieHTHbi. O^Haxo neTBipexMepHan 3a,naHa Typca (1), (4) no nocTaHOBKe 
Gojiee ecTecTBeHHa, neM 3a,n;aHa (1), (2). 3to cBH3aHo c TeM, hto b nocTaHOBKe 3a,naHH (1), 
(4) Ha npaBbie nacTH KpaeBbix ycjioBHH HHKaKHX ^onojiHHTejibHbix ycjioBHH THna corjiaco- 
BaHHH He TpeGyeTCH. IlosTOMy sa^any (1), (4) mojkho paccMaTpHBaTB k&k 3a^any Typca 

C HeKJiaCCHHeCKHMH yCJIOBHHMH. 

2. HEKOTOPblE CTPYKTyPHBIE CBOHCTBA IIPOCTPAHCTBA 
C.J1.COBOJ1EBA W^ 2 ' 2 (G) H OIIEPATOPHblH BHfl 
HETBIPEXMEPHOH 3AAAHH TYPCA 

3aflany (1), (4) mm 6yn;eM nccjie^oBaTb mcto^om onepaTopHbix ypaBHeHHfi h npn stom 
6yneM cjie^oBaTb cxeMbi pa6oTbi [18]. IIpe^BapHTejiBHo 3a^any (1), (4) 3anHHieM b BH^e 
onepaTopHoro ypaBHeHHH 

Vu = <p, (5) 
r^,e V ecTb BeKTopHBift onepaTop, onpe^ejiHeMBiH nocpe^CTBOM paBeHCTBa 

V = (1^,1,2,2, 1^0,0,0,0, Vofi^fi, 1/0,0,0,15 ^0,0,1,1, 14,0,0,0, 14,0,1,0, 14,0,0,1, 14,0,1,1, Vb,l,0,0, K),1,1,0, 

1/0,1,0,1, 1/0,1,1,1, 1^0,0,2,0, 1^),0,2,1, 1^0,0,0,2, 1^0,0,1,2, 14,1,0,0, 14,1,1,0, 14,1,0,1, 14,1,1,1, 14,0,2,0, 14,0,2,1, 

14,0,0,2, 14,0,1,2, 1/(),1,2,0, ,1,2,1, Vo,l,0,2, 1^0,1,1,2, 1/0,0,2,2, 14,1,2,0, ,1,2,1, 14,1,0,2, 14,1,1,2, 
Cl 1 2 2'} fl 1 2 21 

1/0,1,2,2, 14,0,2,2) : 114 ' (G) — >■ -Ep ' ' a </? ecTB 3a^aHHBifl BeKTopHBifi sjieMeHT BH^a 

V 9 — (^1,1,2,2, ^0,0,0,0, ^0,0,1,0, ^0,0,0,1, ^0,0,1,1, ^1,0,0,0, ^1,0,1,0, ^1,0,0,1, ^1,0,1,1, ^0,1,0,0, 

^0,1,1,0, ^0,1,0,1, ^0,1,1,1, ^0,0,2,0, ^0,0,2,1, ^0,0,0,2, ^0,0,1,2, <fl, 1,0,0, fl, 1,1,0, 1,0,1, 1,1,1, 
^1,0,2,0, ^1,0,2,1, ^1,0,0,2, ^1,0,1,2, ^0,1,2,0, ^0,1,2,1, ^0,1,0,2, ^0,1,1,2, ^0,0,2,2, fl, 1,2,0, 
^1,1,2,1, ^1,1,0,2, ^1,1,1,2, ^0,1,2,2, ^1,0,2,2) 

H3 npocTpaHCTBa 

^1,1,2,2) = Lp (G) x R x R x R x R x L p (d) x L p (d) x L p (d) x L p (d) x 

xL p (d) x L p (d) x L p (d) x L p (d) x L p (d?) x L p (d?) x L p (d) x L p (d) x 
xLp (d x d) x Lp (d x d) x L p (d x d) x Lp (d x d) x L p (d x d) x 
xLp (d x d) x Lp (d x d) x Lp (d x d) x L p (d x d) x 
xLp (d x d) x Lp (d x d) x Lp (d x d) x Lp (d x d) x L p (d x d x d) x 
xLp (d x d x d) x Lp (d x d x d) x 
xLp (d x d x d) x Lp (d x d x d) x Lp (d x d x d) • 
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3aMeTHM, hto b npocTpaHCTBe Ep 1 ' 1 ' 2 ' 2 ^ HopMy 6yneM onpe^ejiHTb ecTecTBeHHbiM o6pa- 
30M, npii noMoinH paBeHCTBa 



11 11 



3 (l,l,3,2) - ||<yfl,l,2,2|| Lp(G) + Y Y IIV0,0,i3,i4 \\r + Y Y HVI.O.W.mIIlpCGi) + 

13=0 14=0 «3=0 24=0 

11 1 1 

+ Y Y H^Ms^Hl^) + Y 11^0,0,2^11^(03) + Y II V0,0,<8,2 11^(04) + 

13=0 «4=0 14=0 «3=0 

11 1 1 



l,0,2,i4 lli p (GixG 3 ) + I> 

l,0,i 3 ,2|| Lp ( G r lxG4 ) + 

13=0 14=0 14=0 13=0 

1 1 

+ Y W^WmW L p (G 2 xG 3 ) + Y ll^ ' 1 > i 3,2|li ;j) (G 2 xG4) + 

44=0 «3=0 

1 1 

+ 11^0,0,2,2 1 1 L p (G 3 xG 4 ) + Y II^ 1 . 1 . 2 ^IIl p (G 1 xG 2 xG3) + Y H ^1,1,^,2 ll Lp(Gl x g 2 xG 4 ) + 

14=0 «3=0 

+ \\<Po ' 1 .2,2|Il p (g 2 xG3xG4) + \\<P1 :0.2,2|Il p (g 1 xG3xG 4 ) • 

Sa^any (1), (4) 6yn;eM Hccjie^oBaTb npn noMomii HHTerpajibHbix npe^cTaBjiemiii cne- 
n;HajibHoro BH,n;a fljis (pyHKijiift u (x) G Wp 1 ' 1 ' 2 ' 2 ^ (G) b BH^e [19] 

i i 

u(x) = (Qb) (x 1 ,x 2 ,x 3 ,x 4 ) = YY x 3 x 4 bo > ^ + 

i:i=0 i4=0 



X 3 X 4 / ^0,1,13,14 

(r 2 ) dr 2 + 

l 3 =Ul 4 =U i 3 =0 j 4 =0 ^° 

+ Y x * I ( X3 ~~ r3 ^ fo o,o,2,i 4 ( r 3) dr 3 + Y X 3 / ( x 4 - n) b 0fi ,i 3 ,2 (n) dr 4 + 

;.-n ^0 ,-_ n ./O 



14=0 " u i 3 =0 
' 1 "XI pX2 



+YY x z x * L L b hiM,u ( r i . r 2) ^i^ 2 + 

13=0 14=0 



JO 



nX3 
(x 3 - r 3 ) 6i >0) 2,i4 ( r i> T 3) dr 1 dr 3 + 



i 4 =0 
1 



+ Y x z I I ( X4 ~~ T4 ^ &1 Ais,2 (Ti , n) dr 1 dT 4 + 
h=o 



Jo 



x ^ rx2 rx 3 
+ y^ x 4 4 / / (x 3 - T 3 )b 0tl: 2,i 4 (T2,r 3 )dT 2 dT 3 + 

+ y2 X 3 / ( X 4 - n) 6 ,l,i 3 ,2 ( r 2,T 4 ) dT 2 dT 4 + 

i 3 =0 Jo Jo 

pXi PX4 

+ / / ( x 3 - 73) (x4 - r 4 ) 60,0,2,2 (r 3 , r 4 ) dr 3 dr 4 + 
Jo Jo 

1 /•xi /-a 3 

+ ^2 X 4 / / (^3 - T3) &i,i,2,j 4 (n,r 2 ,T 3 ) dndr 2 dT 3 + 
i4 =o J o J( > J ° 

1 rxi PX2 PX4 

+ ^2 X 3 / / (x4-n)b li i ji3i 2(ri,T2,T4,)dTidT 2 dn+ 
i3 =o J o Jo Jo 

PX2 rX3 l>X4 

+ / / ( x 3~ t 3 ) (x 4 - r 4 ) 60,1,2,2 (t 2 , r 3 , r 4 ) dr 2 dT 3 du+ 

Jo Jo Jo 

rxi PX3 i>X4 

+ / / (x 3 - t 3 ) (x 4 - r 4 ) 61,0,2,2 (ti,t 3 , r 4 ) dr 1 dr 3 dT 4 + 

Jo Jo Jo 

nx\ rx-2 r%3 fX4 

+ / / / (x 3 -t 3 ) (x A - r 4 ) 61,1,2,2 (n, r 2 , t 3 , r 4 ) dT X dT 2 dr 3 dr A , (6) 

Jo ./o ./o ./o 
nocpe^cTBOM e^HHCTBeHHoro sjieMeHTa 

6 = (61,1,2,2, 60,0,0,0, 6 ,o, i,0) 60,0,0, i) 60,0,1,1, 61,0,0,0, 61,0,1,0, 61,0,0,1, 61,0,1,1, 60,1,0,0, 60,1,1,0, 60,1,0,1, 

60,1,1,1, 60,0,2,0, 60,0,2,1, 60,0,0,2, 60,0,1,2, 61,1,0,0, 61,1,1,0, 61,1,0,1, 61,1,1,1, 61,0,2,0, 61,0,2,1, 61,0,0,2, 61,0,1,2, 
60,1,2,0, 60,1,2,1, 60,1,0,2, 60,1,1,2, 60,0,2,2, 61,1,2,0, 61,1,2,1, 61,1,0,2, 61,1,1,2, 60,1,2,2, 61,0,2,2) £ E^ ,l,2 ' 2 \ 
IIpH 9tom cymecTByioT nojio>KHTejiBHBie nocTOHHHBie Mi 11 M° TaKiie, hto 

M° ||6|| B (i,i, 2 , 2 ) < ||(Q6) (x 1 ,x 2: x 3: x 4 )\\ w ( 1 , 1 , 2 ,2 ){G) < Ml ||6|| E (i,i, 2 , 2 ) , (7) 
fljisi jiio6oh 6 G ^ 1,1,2 ' 2) . 

( X X 2 2^ ( X X 2 21 

OneBH^Ho, hto onepaTop Q : Ep ' ' — > Wp '' (G) HBjiaeTCH jiiiHefiHBiM orpamiHeH- 
hbim onepaTopoM. HepaBeHCTBo (7) noKa3BiBaeT, hto onepaTop Q HMeeT Taicace orpami- 

fX X 2 2) 

neHHBifi o6paTHBifi onepaTop onpe^ejieHHyio Ha npocTpaHCTBe Wp ' ' ' (G). Cjie^oBaTejiB- 
ho, onepaTop Q 3a,naeT roMeoMopcpH3M Mexc^y 6aimxoBBiMH npocTpaHCTBaMii Ep ' ' ' ^ 11 
Wp 1 ' 1 ' 2 ' 2 ^ (G). IIosTOMy peineHHe ypaBHeHiiH (5) sKBHBajieHTHo peineHHio ypaBHemisi 

VQb = cp. (8) 

YpaBHeHiie (8) 6yn;eM Ha3BmaTB KaHOHiiiecKiiM bh^om ypaBHemiH (5). 
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KpoMe Toro, cpopMyjia (6) noKa3t.iBaeT, hto jiio6aH (pyHKi^Hsr u G Wp ' (G) HMeeT 
cjie^bi: 

u (0, 0, 0, 0) , D 3 u (0, 0, 0, 0) , D 4 u (0, 0, 0, 0) , D 3 D 4 u (0, 0, 0, 0) , D ± u {x u 0, 0, 0) , 

DiD 3 u (x u 0, 0, 0) , D ± D 4 u (an, 0, 0, 0) , D 1 D 3 D 4 u (an, 0, 0, 0) , D 2 u (0, x 2 , 0, 0) , 
D 2 D 3 u (0, x 2 , 0, 0) , D 2 D 4 u (0, x 2 , 0, 0) , D 2 D 3 D 4 u (0, x 2 , 0, 0) , D\u (0, 0, x 3 , 0) , 
D\D 4 u (0, 0, x 3 , 0) , D\u (0, 0, 0, x 4 ) , D 3 D\u (0, 0, 0, x 4 ) , D x D 2 u (x u x 2 , 0, 0) , 
D 1 D 2 D 3 u ( Xl ,x 2 , 0, 0) , D 1 D 2 D 4 u (x 1 ,x 2 , 0, 0) , D 1 D 2 D 3 D 4 u (x 1 ,x 2 , 0, 0) , 
D x D\u (xi, 0, x 3 , 0) , D x D\D 4 u (an, 0, x 3 , 0) , D x D\u (an, 0, 0, x 4 ) , 
D x D 3 D\u ( Xl , 0, 0, rr 4 ) , (0, *2, £3, 0) , D 2 D\D 4 u (0, x 2 , x 3 , 0) , 

D 2 D\u (0, x 2 , 0, x 4 ) , D 2 D 3 D\u (0, x 2 , 0, x 4 ) , D\D\u (0, 0, x 3 , x 4 ) , 
D x D 2 D\u (xi,x 2 , x 3 , 0) , DiD 2 D\D 4 u (x 1 ,x 2: x 3 , 0) , D 1 D 2 Dju (xi,x 2 , 0, x 4 ) , 
D x D 2 D 3 D\u (x 1 ,x 2 , 0, x 4 ) , D 2 D\D\u (0, x 2 , x 3 , x 4 ) , D x D\D\u (an, 0, x 3 , x 4 ) 
h onepan;HH b32ths sthx cjie^oB HenpepbiBHbi 113 Wp 1 ' 1 ' 2 ' 2 ^ (G) b 

i?, R, R, R, L p (Gi) , L p (Gi) , L p (G*i) , L p (Gi) , L p (G 2 ) , L p (G 2 ) , L p (G 2 ) , L p (G 2 ) , 

L P (G 3 ) , L p (G 3 ) , L p (G 4 ) , L p (G 4 ) , L p (Gi x G 2 ) , L p (Gi x G 2 ) , L p (Gi x G 2 ) , 
L p (Gi x G 2 ) , L p (Gi x G 3 ) , L p (Gi x G 3 ) , L p (G\ x G 4 ) , L p (G\ x G 4 ) , 
L p (G 2 x G 3 ) , L p (G 2 x G 3 ) , L p {G 2 x G 4 ) , L p {G 2 x G 4 ) , L p {G 3 x G 4 ) , 
L p (d x G 2 x G 3 ) , Lp (d x G 2 x G 3 ) , L p {G 1 x G 2 x G 4 ) , 
L p (Gi x G 2 x G 4 ) , Lp (G 2 x G 3 x G 4 ) , L p (d x G 3 x G 4 ) 
cooTBeTCTBeHHo. ,H,ajiee rjik sthx cjie^oB cnpaBe^jiHBbi Taxace paBeHCTBa: 

u (0, 0, 0, 0) = 60,0,0,0; D 3 u (0, 0, 0, 0) = 60,0,1,0; D 4 u (0, 0, 0, 0) = 6 , ,o,i; 

D 3 D 4 u (0, 0, 0, 0) = 60,0,1,1; Diu (xi, 0, 0, 0) = 61,0,0,0 (xi) ] D x D 3 u (xi, 0, 0, 0) = 61,0,1,0 (xi) 5 
L>iL> 4 m (xi, 0, 0, 0) = 6i )0 , ,i (xi) ; D 1 D 3 D 4 u (x 1 ,0, 0, 0) = bi, ,i,i (xi) ; 

L> 2 m (0, x 2 , 0, 0) = 60,1,0,0 (x 2 ) ; L> 2 L> 3 m (0, x 2 , 0, 0) = 60,1,1,0 (^2) ; 
D 2 D 4 u (0, x 2 , 0, 0) = 60,1,0,1 (x 2 ) ; D 2 D 3 D 4 u (0, x 2 , 0, 0) = 60,1,1,1 (^2) ; 
D\u (0, 0, x 3 , 0) = 60,0,2,0 (x 3 ) ; D\D 4 u (0, 0, x 3 , 0) = 6 , ,2,i (x 3 ) ; 
(0, 0, 0, x 4 ) = 60,0,0,2 (x 4 ) ; D 3 D\u (0, 0, 0, x 4 ) = 60,0,1,2 (x 4 ) ; 
DiL> 2 w (xi, x 2 , 0, 0) = 61,1,0,0 (xi,x 2 ) ; D 1 D 2 D 3 u (x ± ,x 2 , 0, 0) = &i,i,i, (x u x 2 ) ; 
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D x D 2 D±u (xi, x 2 , 0, 0) = 61,1,0,1 (xi,x 2 ) 
D x D\u (xi, 0, £ 3 , 0) = &i,o,2,o (xi,x 3 ) 
D 1 Dju (xi, 0, 0, x^ = 61,0,0,2 (xi,x 4 ) 
D 2 D\u (0, x 2 , x 3 , 0) = 60,1,2,0 (x2, x 3 ) 
D 2 D\u (0, x 2 , 0, x^ = 60,1,0,2 (x 2 , x 4 ) 



DiD 2 D 3 D A u (x!,x 2 , 0, 0) = 61,1,1,1 (xi,x 2 ) ; 
D x D\DiU (xi, 0, £ 3 , 0) = 61,0,2,1 (xi,x 3 ) ; 
D x D 3 D\u (xi, 0, 0, x 4 ) = 61,0,1,2 (xi, £4) ; 
D 2 D\DiU (0, £ 2 , x 3 , 0) = 60,1,2,1 (x 2 , x 3 ) ; 



D 2 D 3 D\u (0, x 2 , 0, £4) = 60,1,1,2 (x 2 , x 4 ) ; 
D\D\u (0, 0, x 3 , £ 4 ) = 60,0,2,2 (x 3 , Xi) ; D\D 2 D\u (x 1: x 2 , x 3 , 0) = 61,1,2,0 (xi, £2, £3) ; 
DiD 2 DlD A u (£1, £ 2 , £3, 0) = 61,1,2,1 (xi, £ 2 , £3) ; D x D 2 D\u (£1, £ 2 , 0, £ 4 ) = 61,1,0,2 (£1, £2, Xi) ; 
D x D 2 D 3 D\u (£i,£ 2 ,0,£ 4 ) = 61,1,1,2 (xi,x 2 ,x 4 ) ; D 2 D\D\u (0,£ 2 ,£ 3 ,£ 4 ) = 60,1,2,2 {x 2 ,x 3 ,Xi) ; 

D\D\D\u (xi, 0, £ 3 , £ 4 ) = 61,0,2,2 (xi,x 3 , Xi) . 

3. 3KBHBAJ1EHTHOE HHTErPAJlbHOE YPABHEHHE 

3a^aHy (1), (4) mm GyneM nsynaTb npn noMomii HHTerpajiBHoro npe^cTaBjieHiia (6) 

f 1 1 2 2) (\ 1 2 2) 

(pymajHft u G Wp ' ' (G). OopMyjia (6) noKa3MBaeT, hto cpyHKijHH w G Hp ' (G), 
y^OBjieTBopjiiomaa ycjiOBiuiM (4), HMeeT bh,zi,: 

u (x) = g (x)+ J J J j R Q (n, r 2 , r 3 , r 4 ; £ X , £ 2 , £3, £4) D x D 2 D\D\u (n, r 2 , r 3 , r 4 ) dr^d^d^, 

G 



me 



«3=0 14=0 



1 1 



«3=0 14=0 
1 



11 11 

5o (a:) = 4 3 4Vo,o,i 3 ,i 4 + Yl Yl x 3 3 4 4 / ¥>i,o,ia,u (n) dn+ 







/X2 x PX3 

VO.l.is.U ( T 2) *2 + ^ < 4 / (^3 - T 3 ) ^0,0,2,i 4 (^3) ^3 + 
j 3 =u»4=u «4=0 ^° 

+ Yj X 3 / ( x 4 - n) v?o,o,i 3 ,2 (T4) dr 4 + Y x 3 3a; 4 4 / / VhhhM ( r i,r 2 ) dndr 2 + 

i 3 =0 Jo i 3 =0i 4 =0 Jo Jo 

+ ^2 x 4 / (^3-^-3) ^1,0,2,14 (r 1 ,T 3 )dr 1 dT 3 + 

i. _ n >>0 ./0 



i 4 =0 
1 

£ 

i 3 =0 
1 



£ 



»3 




(£4 - n) <pi,o,i 3 ,2 (ti, r 4 ) dTidn+ 



./o 



nx 3 
(£3 - r 3 ) (^ ,i,2,i 4 (r 2 , r 3 ) dr 2 dr 3 + 

! J , 
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nX4 
(x 4 - r 4 ) (p 0l i, ia ,2 (r 2 , r 4 ) dr 2 dr 4 + 

(^3 - t 3 ) (x 4 - r 4 ) ^0,0,2,2 (r 3 , r 4 ) dr 3 dr 4 + 

1 /•Xi /-X2 />X3 

+ y^ x 4 / / (a* - t 3 ) <yfi,i,2,i 4 (tl, t 2 , t 3 ) dT X dr 2 dr 3 + 
. 4=0 Jo Jo Jo 

1 /-Xl /-X2 

+ x 3 / / / (^4 - t 4 ) <^i,i,i 3 ,2 (ti,t 2 , r 4 ) dT 1 dT 2 dr 4 + 
i3= o J o Jo Jo 

pX2 rX3 i-Xi 

\- / / (^3 - t 3 ) (x 4 - t 4 ) v? ,i,2,2 (t 2 ,t 3 ,t 4 ) dr 2 dr 3 dr 4 + 
Jo Jo Jo 

/■xi rxs PX4 

+ / / (x 3 - r 3 ) (x 4 - r 4 ) y?i i0 ,2,2 (n, r 3 , r 4 ) dridr 3 dr 4 

Jo Jo Jo 



^?o (tl, r 2 , r 3 , r 4 ; Xi, x 2 , x 3 , x 4 ) = (x 3 - r 3 ) (x 4 - r 4 ) JJ - r 4 ) , 

i=i 

npnieM # (£) HBjiHeTCH cpyHKUHeft XeBiicaft^a Ha i?, T.e. 

0(0 = 

Torfla nocjie 3aMeHt.i u = go + u, r^e 

u(x) = / / / / Ro(n, t 2 , r 3 , r 4 ; xi, x 2 , x 3 , x 4 ) D x D 2 D\D\u (n, r 2 , r 3 , r 4 ) dT X dr 2 dT 3 dT 4 



i, e>o 
o, e<o. 



G 

ypaBHeHne (1) mojkho 3anncaTB b BH^e 

(Vl,i,2,2m) (a?) = ^ (z) , 

r^e 

Z (a:) = Vi.i.2,2 - ^i,i,2,2^o- 

IIpOH3BO^i;HBie (pyHKUHH U MOJKHO BBIHHCJIHTB nOCpe^CTBOM paBeHCTB 

X2 c x 'i r x 4 

(x 3 - r 3 ) (x 4 - t 4 ) D x D 2 D\D\u {xi,t 2 , r 3 , r 4 ) dT 2 dr 3 dr 4 , 

'0 ./() JO 

"£2 ^^3 /"X4 




JO JO 



(x 4 - t 4 ) D x D 2 D z D^u (xi, r 2 , r 3 , r 4 ) dr 2 dr 3 dT 4: 
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PX2 rX3 rX4 

D 1 D 4 u(x) = / / / (x 3 - T 3 ) D 1 D 2 DlDlu(x 1 ,T2,T 3 ,T 4 ) dT 2 dT 3 dT 4 , 

Jo Jo Jo 

PX2 PX3 I-X4 

D 1 D 3 D 4 u(x) = / / / D 1 D 2 DIdIu(x 1 ,t 2 ,t 3 ,t 4 ) dr 2 dr 3 dT 4 , 
Jo Jo Jo 

nxz nX4 
/ (x 3 - t 3 ) (x 4 - t 4 ) D x D 2 D\D\u (n, x 2 , t 3 , r 4 ) dTidr 3 dr 4 , 
Jo 

nx 3 pX4 
/ (x 4 - t 4 ) D x D 2 D\D\u (ri, x 2 , r 3 , r 4 ) dr x dT 3 dr 4l 
Jo 

nx 3 pX4 
/ (x 3 - t 3 ) D x D 2 D\D\u (ti, x 2 , t 3 , r 4 ) dr x dr 3 dT 4 , 
Jo 

rX 1 i>X 3 rX4 

D 2 D 3 D 4 u(x) = / / / D x D 2 D\D\u{t x , x 2 , t 3 ,t 4 ) dTidr 3 dr 4 , 
Jo Jo Jo 

nx-2 rX4 
I (x 4 - t 4 ) D x D 2 D\D\u (ti, t 2 , x 3 , r 4 ) dridr 2 dr 4 , 
Jo 

rxi px 2 p£4 

DlD 4 u(x)= III D 1 D 2 DId\u{t 1 ,t 2 ,x 3 ,t 4 ) dTidr 2 dr 4: 
Jo Jo Jo 

rx 1 i>X2 rx 3 

Dju(x)= / / / (x 3 - r 3 ) D 1 D 2 DlDlu(r 1 ,T 2 ,T 3 ,x 4 )dridT 2 dT 3 , 
Jo Jo Jo 

rxi rx2 r%3 

D 3 Dju(x)= / / / DiD 2 DlDju(T 1 ,r 2 ,T 3 ,x 4 )dT 1 dT 2 dr 3 , 
Jo Jo Jo 

nX4 
(x 3 - t 3 ) (x 4 - r 4 ) DxD 2 D\D\u (x 1: x 2 , t 3 , r 4 ) dr 3 dr 4 , 

nX4 
(x 4 - t 4 ) DxD 2 D\D\u (xi, x 2 , r 3 , r 4 ) dr 3 dr 4 , 

nX4 
(x 3 - r 3 ) DxD 2 D\D\u (xi, x 2 , r 3 , r 4 ) dr 3 dr 4 , 

nX4 
D x D 2 D\D\u (x!,x 2 , t 3 , t 4 ) dr 3 dr 4 , 

nx 4 
(x 4 - t 4 ) D x D 2 D\D\u (x 1 , t 2 , x 3 , t 4 ) dr 2 dr 4 , 

i>x 2 rx 4 

D 1 DjD 4 u(x)= / / D x D 2 D\D\u{x x ,T 2 ,x 3 ,T 4 )dT 2 dT 4 , 
Jo Jo 

(x 3 - r 3 ) D x D 2 D\D\u (x 1: t 2 , r 3 , x 4 ) dr 2 dr 3 , 



nx:j 
D x D 2 D\D\u (xi, t 2 ,t 3 , x 4 ) dT 2 dr 3 , 
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nx 4 
(x 4 - r 4 ) D x D 2 D\D\u (ti, x 2 , x 3 , t 4 ) dr 1 dr 4 , 

(x 3 - 73) D x D 2 D\D\u (ri, x 2 , T 3 , x 4 ) dndr 3 , 
D x D 2 D\D\u (ti, x 2 , T3, x 4 ) rfridr 3 , 

/■xi ^2:2 />a;4 

D 3 u(x) = / / / / (x4-T 4 )D 1 D 2 DlDlu(T 1 ,T 2 ,T3,T4)dT 1 dT 2 dT 3 dT4, 

Jo Jo Jo Jo 

px\ rx2 rxz pxi 

D4u(x)= / / / / (x 3 - T 3 ) D 1 D 2 DlDlu(T 1 ,T 2 ,T 3 ,T4)dT 1 dT 2 dT 3 dT4, 

Jo Jo Jo Jo 

px\ px2 rxg i>X4 

D 3 D 4 u(x)= / / / / DiD 2 DlDju(Ti,T 2 ,T 3 ,T4)dTidT 2 dT 3 dT4, 

Jo Jo Jo Jo 

nX2 
D x D 2 D\D\u (ti, t 2 , £3, x 4 ) rfrirfr 2 , 

D\D 2 D\u (x) = (x4- r 4 ) D x D 2 D\D\u (xi,x 2 , x 3 , r 4 ) dr 4 , 

D\D 2 D\D4U (x) = / D 1 D 2 DlDlu(xi,x 2 ,x 3 ,T4) dr 4 , 
Jo 

i>X3 

D x D 2 D\u (x) = (x 3 - r 3 ) D x D 2 D\D\u (x 1: x 2 , r 3 , x 4 ) dr 3 , 
Jo 

D 1 D 2 D 3 Dju(x) = / D 1 D 2 DlDlu(x 1 ,x 2 ,T 3 ,x 4 ) dr 3 , 
Jo 

t-x 1 

D 2 DlD\u(x) = / D 1 D 2 DlDlu(r u x 2 ,x 3 ,x 4 )dT 1 , 
Jo 

DiDlD\u(x)= I D x D 2 D\D\u {x 1 ,t 2 ,x 3 ,X4) dr 2 , 
Jo 

DxD 2 D\D\u (x) = DxD 2 D\D\u (xi,x 2 ,x 3: X4) . 

Tenepb ^oMimnpyiomyio npoH3Bo^Hyio paccMOTpiiM xax HeH3BecTHyio (pymajnio, raa- 
roBopH, npoH3Be^;eM 3aMeHy 

D x D 2 D\D\u (x 1 ,x 2 , x 3 , X4) = b (x 1 ,x 2 , x 3 , X4) . 

Tor^a ypaBHeHHe (9) mojkho 3anncaTB b BH^e: 

rx 1 i>x 2 rx s i>X4 

(Nb) (x) = b (xi, x 2 , x 3 , X4) + / / / / ^0,0,0,0 (^1,^2,3:3,^4) x 
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xR (ti, t 2 , r 3 , r 4 ; x l} x 2 , x 3 , x 4 ) 6 (n, r 2 , r 3 , r 4 ) dTidr 2 dr 3 dT 4 + 

pX\ p%2 /**^3 /*^4 

+ / / / / a ,o,i,o (^1,^2,^3,^4) (^4 - t 4 ) & (ti,T2,T3,t 4 ) dr 1 dT 2 dr 3 dT 4 + 
Jo Jo Jo Jo 

nx\ nX2 rX3 nX4 

+ / / / / 00,0,0,1 (xi,X 2 ,X 3 ,X 4 ) (x 3 - T 3 ) &(Ti,r 2 ,T3,T 4 ) dr 1 dT 2 dT 3 dT4+ 

Jo Jo Jo Jo 

pxi rx 2 PX3 i>X4 

+ / / / / 00,0,1,1 (xi, x 2 , x 3 ,x 4 ) b(T 1: T 2 ,T 3 ,T 4 ) dT 1 dr 2 dr 3 dT 4 + 
Jo Jo Jo Jo 

pX2 PX3 i>X4 

+ / / / oi )0 ,o,o (xi,x 2 ,x 3 ,x 4 ) (x 3 - r 3 ) (x 4 - r 4 ) 6(xi,r 2 ,r 3 , r 4 ) dr 2 dr 3 dr 4 + 
Jo Jo Jo 

rx 2 fX3 PX4 

+ / / / a lfi ,l,o(xi,X 2 ,X 3 ,X 4 )(x 4 -T 4 )b(x 1 ,T 2 ,T 3 ,T 4 )dT 2 dT 3 dT 4 + 

Jo Jo Jo 

pX2 PX3 pX4 

+ / / / oi A o,i (xi,x 2 ,x 3 ,x 4 ) (x 3 - r 3 ) b(x 1 ,T 2: T 3: r 4 ) dr 2 dr 3 dr 4 + 
Jo Jo Jo 

px 2 rX3 pX4 

+ / / / o, h0Ajl (x 1 ,x 2 ,x 3 ,x 4 )b(x 1 ,r 2 ,T 3 ,T 4 )dr 2 dr 3 dT 4 + 
Jo Jo Jo 

pxi rx 3 pxi 

+ / / / ao,i,o,o(xi,x 2 ,x 3 ,x A )(x 3 -T 3 )(x A -T 4 )b(T 1 ,x 2 ,T 3 ,T 4 )dr 1 dT 3 dr 4 + 
Jo Jo Jo 

rxi PX3 PX4 

+ / / / ao,i,i,o (x 1 ,x 2 ,x 3 ,x 4 )(x 4 -T 4 )b(T 1 ,x 2 ,T 3 ,r 4 )dT 1 dr 3 dT 4 + 



'0 JO JO 

"XI PX3 PX4 



nX3 1-X4 
I 00,1,0,1 {^i,x 2 , x 3 , x 4 ) (x 3 - r 3 ) b (t u x 2 , r 3 , r 4 ) dr 1 dr 3 dr 4 + 
Jo 

/•xi rx A PX4 

+ / / / 00,1,1,1 (xi,x 2 ,x 3 ,x 4 ) b(T 1: x 2 ,T 3 ,r 4 ) dr 1 dr 3 dr 4 + 
Jo Jo Jo 

pxi px 2 rX4 

+ / / / a , ,2,o(xi,x 2 ,x 3 ,x 4 )(x 4 -T 4 )b(T 1 ,T 2 ,x 3 ,T 4 )dT 1 dT 2 dT 4 + 
Jo Jo Jo 

px\ PX 2 PX4 

+ / / / 00,0,2,1 {xi,x 2 ,x 3 ,x 4 ) b(r 1 ,r 2 ,x 3 ,T 4 ) dr 1 dr 2 dr 4 + 
Jo Jo Jo 

/•xi px 2 rX3 

+ / / / a ,o,o,2(xi,x 2 ,x 3: x 4 )(x 3 -T 3 )b(T 1: T 2 ,T 3 ,x 4 )dr 1 dT 2 dT 3 + 
Jo Jo Jo 

/•xi px 2 rxz 

+ / / / a ,o,i,2(xi,x 2 ,x 3 ,x 4 )b(T 1 ,T 2 ,r 3 ,x 4 )dr 1 dr 2 dT 3 + 
Jo Jo Jo 

nX4 
01,1,0,0 (x 1 ,x 2 ,x 3 ,x 4 ) (x 3 - r 3 ) (x 4 - T 4 )b(x 1 ,x 2 ,T 3 ,T 4 ) dr 3 dr 4 + 

nX4 
01,1,1,0 (x!,x 2 ,x 3 ,x 4 ) (x 4 - r 4 )b(x 1 ,x 2 ,r 3 ,T 4 ) dr 3 dr 4 + 
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nX4 
ai,i,o,i(x 1 ,x 2 ,x 3 ,x 4 )(x 3 -T 3 )b(x u x 2 ,T 3 ,r 4 ) dr 3 dr 4 + 

ai, 1,1,1 (x l ,x 2 ,x 3 ,x 4 )b(x 1 ,x 2 ,T 3 ,T A ) dr 3 dr 4 + 

01,0,2,0 (xi, x 2 , x 3 , x 4 ) (x 4 - r 4 ) b (x u t 2 , x 3 , t 4 ) dr 2 dr 4 + 

nX4, 
ai.0,2,1 (^1^2,^3,^4) b(x 1: T 2 ,x 3 ,T 4 ) dr 2 dr 4 + 



px2 rxz 

+ / / ai,o,o,2(x u x 2 ,x 3 ,x 4 )(x 3 -T 3 )b(x u r 2 ,T 3 ,x 4 )dT 2 dT 3 + 
Jo Jo 

nx 2 rx 3 

+ / / ai fi ,i,2(xi,x 2 ,x 3 ,x 4 )b(x 1 ,T 2 ,T 3 ,x 4 ) dr 2 dr 3 + 
Jo Jo 

nx± 
ao,i,2,o (^1,^2,^3,^4) (x 4 - T 4 )b(r 1 ,x 2 ,x 3 ,T 4 ) dr x dT 4 + 

nXi 
00,1,2,1 (xi, x 2 , x 3 , x 4 ) b (n, x 2 , x 3 ,r 4 ) dridr 4 + 

00,1,0,2 (^1,^2,^3,2:4) (x 3 - T 3 )b(T 1 ,X 2 ,T 3 ,X 4 )dT 1 dr 3 + 

pXl PX3 

+ / / a ,i,i, 2 (x 1 ,x 2 ,x 3 ,x 4 )b(T 1 ,x 2 ,T 3 ,x 4 )dT 1 dT 3 + 
Jo Jo 

00,0,2,2 (Xl, x 2 , x 3 , x 4 ) b (ri, t 2 , x 3 , x 4 ) dridr 2 + 

PX 4 

+ / ai, 1,2,0 (a?i, 2:2, ^3, ^4) (^4 - t 4 ) 6 (xi, x 2 , x 3 , r 4 ) dr 4 + 
Jo 

rx4, 

+ / ai.i.2,1 (xi,x 2 , 2:3, x 4 )b(x 1 , x 2 ,x 3 ,r 4 )dr 4 + 
Jo 

rxz 

+ / o-i, 1,0,2 (zi, x 2 , x 3 , ^4) (a* - T3) b (x lr x 2 , t 3 , x 4 ) dr 3 + 
Jo 

PXi 

+ / ai,i,i,2(xi,x 2 ,x 3 ,x 4 )b(x 1 ,x 2 ,T 3 ,x 4 )dr 3 + 
Jo 

rxi 

+ / a ,i, 2 , 2 (x 1 ,x 2 ,x 3 ,x 4 )b(T 1 ,x 2 ,x 3 ,x 4 )dT 1 + 
Jo 



X2 



+ / 01,0,2,2 (xi,x 2 , x 3 ,x 4 ) b(x 1: T 2 ,x 3 ,x 4 ) dr 2 = Z (x) , xeG (10) 
Jo 

OnepaTop N ypaBHemisi (10) jnmeeH. HcnojiB3yH ycjioBiis HajiojKeHHBie Ha Koscpcpimn- 
eHTbi (1^,12,13 mi mojkho flOKa3aTb, hto 3TOT onepaTop HBjiHeTCH orpaHHHeHHMM onepaTopoM 
113 L p (G) b Lp (G) , 1 < p < 00. 

16 



Onpe^ejieHHe. Ecau 3adaua (1), (4) d/in ak>6ozo 

V 9 — (^1,1,2,2, <A),0,0,0, ^0,0,1,0, ^0,0,0,1) ^0,0,1,1, ^1,0,0,0, ^1,0,1,0, Vl,0,0,l' ^1,0,1,1, ^0,1,0,0, ^0,1,1,0, 

^0,1,0,1, ^0,1,1,1, V0,0,2,0, <A),0,2,1, <A),0,0,2, <A),0, 1,2, <£>1, 1,0,0, <£>1, 1,1,0, ^1, 1,0,1, <£>1,1, 1,1, V?l,0,2,0, <^l,0,2,lj 
^1,0,0,2, ^1,0,1,2, ^0,1,2,0, ^0,1,2,1, ^0,1,0,2, <A),1,1,2, ^0,0,2,2, V?l, 1,2,0, V?l, 1,2,1, 
V?l, 1,0,2, Vl.1,1,2, ^0,1,2,2, ^1,0,2,2) € E^ 1 ' 1 ' 2 ' 2 ) 

UMeem eduncmeeHHoe peuienue u G maKoe, nmo 

||u|| w a,i, 2 , 2)(G) < Mi ||^|| £ (i,i,2,2) , 

mo 6ydeM soeopumv, umo onepamop V 3adanu (1), (4) (uau ypaenenuH (5)) 3adaem sojueo- 
Mopcf)U3M U3 Wp 1 ' 1 ' 2 ' 2 ^ (G) na Ep 1 ' 1 ' 2 ' 2 ^ uau 3adaua (1), (4) ee3de KoppeKmuo pa3peuiuMa. 
3decu Mi nocmoHHHatt ne 3aeucsmifie om (p. 

OneBHflHo, hto, ecjin onepaTop V 3a^aHH (1), (4) 3a,naeT roMeoMopcpH3M 113 Wp 1 ' 1 ' 2 ' 2 ^ (G) 
Ha Ep 1 ' 1 ' 2 ' 2 ^, to cymecTByeT orpaHHHeHHbift oGpaTHbiii onepaTop V^ 1 : 
E^ ^W^ 2) {G). 

B coBpeMeHHofi TeopnH ^HcpcpepeHiriiajibHbix ypaBHeHiifi oco6oe 3HaHeHiie HMeeT bo- 
iipoc o BBiHBjieHiiii KjiaccoB 3a,n,aH, onepaTopbi kotopbix ocymecTBjiaioT roMeoMopcpH3M 
Meatfly onpe^ejieHHBiMH napaMH 6aHaxoBbix npocTpaHCTB. Taxne roMeoMopcpH3Mbi BbiHB- 
jieHBi b pa6oTax K).M.Bepe3aHCKoro h 5LA.PoftT6epra [20], H.B.>KHTapaniy [21], 
C.C.AxiieBa [22], H.T.MaMeflOBa [23] h flp. fljia HeKOTopbix KjiaccoB flHcpcpepeHHHajibHbix 

ypaBHeHHfl C HaCTHBIMH npOH3BOflHBIMH. 

OnepaTop N HBjuieTCJi BOJibTeppoBbiM onepaTopoM oTHociiTejibHo tohkh (0,0,0,0). 
3to o3HanaeT, hto earn cpyHKiniH bi,b 2 G L p (G) b oGjiacra 

G( XUX2>X3>X4 ) = (0,xi) x (0,x 2 ) x (0,x 3 ) x (0,2:4) 

y^OBJieTBOpHIOT yCJIOBHK) 

h (n, t 2 , r 3 , r 4 ) = 6 2 (ri, r 2 , r 3 , r 4 ) , 

to BbinojiHHeTCJi TaKJKe ycjioBiie 

(Nbi) (ri, r 2 , r 3 , r 4 ) = (M> 2 ) (n, r 2 , r 3 , r 4 ) 

noHTH fljia Bcex (rx, r 2 , r 3 , r 4 ) G G ! ( xl)X2jX3jX4 ), rfle (xi, x 2 , £3, X4) G G npoH3BOJibHaH Tonxa. 

Hcnojib3y5i BOJibTeppoBocTb onepaTopa N, npii noMouxn, HanpnMep, MeTOfla nocjieflOBa- 
TejibHbix npn6jiH>KeHHH mojkho ,TpKa3aTb, hto ypaBHeHiie (10) fljia jik>6oh npaBofl nacTH 
Z G L p (G) HMeeT eflHHCTBeHHoe penieHHe b G L p (G), rfle 1 < p < 00 h sto penieHne 
y^OBjieTBopsieT ycnoBHio 

\\b\\ Lp (G)<M 2 



17 



rfle M 2 nocTOHHHoe He 3aBHCHiHee ot Z. /Iajiee, oneBHflHo, hto ecjin ^1,1,2,2 £ L P (G), to 
Z G L P (G). KpoMe toto, ecjiH b G L p (G) ecTb pememie ypaBHeHHH (10), to perneHHe 
3aflanH (1), (4) mojkho Haft™ npn noMoiHH paBeHCTBa 

r-x\ nX2 rxs rX4 

u ( x ) = 9o (x)+ / / / / b (n, r 2 , r 3 , r 4 ) i? (n, r 2 , r 3 , r 4 ; x x , x 2 , x 3 , x 4 ) dT l dr 2 dT^dT i . 
Jo Jo Jo Jo 

IIosTOMy cnpaBe^jiHBa 

( 1 1 2 Si f 1 1 2 ' 

TeopeMa. Onepamop 3adauu (1), (4) 3adaem zoMeoMopd)u3M U3 W p ' (G) na E p ' ' '' 

4. BblBOAM 

IIocTaHOBKa 3aflaHH (1), (4) o6jiaflaeT pnflOM npeHMymecTB: 

1) b stoS nocTaHOBKe He Tpe6yeTCH HHKaKHx flonojiHHTejibHbix ycjioBHft corjiacoBaHHH; 

2) HMeHHo, Taxaa nocTaHOBKa noponcflaeT roMeoMopcpH3M Meatfly flByMH GaHaxoBbiMH 
npocTpaHCTBaMH W p 1 ' 1 ' 2 ' 2 (G) h E^ 1 ' 2,2 ; 

3) 3Ty 3aflany mojkho paccMaTpHBaTB KaK 3aflany ccpopMyjinpoBaHHyio no cjieflaM b 
npocTpaHCTBe C.JI.Co6ojieBa W p 1 ' 1 ' 2 ' 2 (G); 

4) b stoS nocTaHOBKe paccMaTpHBaeMoe ypaBHeHHe HBjineTCH oGoGmeHHHM MHornx mo- 
flejibHbix ypaBHeHHii HexoTopbix npou,eccoB (HanpHMep, ypaBHeHHH BjiaronepeHoca, ypaB- 
HeHHH TenjionpoBOflHocTH, ypaBHeHHH Ajijiepa, ypaBHeHHH ByccHHecKa-JInBa, ypaBHeHHH 
MaHHcepoHa, TpexMepHoro TejrerpacpHoro ypaBHeHHH h T.fl.). 

OTMeTHM, HTO npHMeHHH MeTOflHKy, npHBOflHMyiO B CTaTbe [24], flOKa3bIBaeTCH HHTe- 

rpajibHoe npeflCTaBjieHHe pemeHHH 3aflanH (1), (4) Hcnojib3yH hohhthh cpyHflaMeHTajibHoro 
penieHHH. 
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